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Abstract 
The main purpose of this study is investigating gender differences between Iranian students in grade six in mathematical 
modelling competency and students’ attitude toward mathematical modelling problem. The type of study was quasi experimental 
design with two different groups. These two groups of students responded to the pre-test, the questionnaire after pre-test, and 
post-test. Experimental group participated in a set of intervention classes that concentrated on modelling activities and answered 
to a questionnaire after the intervention. The results of this study show that although girls had better performance than boys in
pretest, but after intervention, boys had better performance than girls in post-test at the significance level of 0.05. All students 
who participated in the current study considered modelling problems out of mathematics domain, but after intervention their 
attitude toward mathematical modelling problems was changed dramatically so that almost all students in experimental group 
recognized modelling problems as a mathematics problem and they were interesting to solve modelling problem. Although 
gender difference in attitude toward mathematical modelling problem was not seen, but there is a little bit different between boys 
and girls. For instance, boys had better attitude toward mathematical modelling problem.  
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1. Introduction  
Today, technology integrated within human kind’ everyday life, so people need to make decision as much as 
possible upon complex situation with lots of data. In this regards, over the past two decades, researchers make 
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greater use of the modelling approach in teaching and learning process in both action and research domain. Many 
countries consider modelling and application in their teaching and learning approaches in last two decade (Niss, 
Blum, Galbraith, 2007). The most recent version of the Iranian National Curriculum (2010) also draws attention to 
the use of modelling approach in mathematics learning and teaching. Recently some of the Iranian mathematics 
education researchers concentrated on this domain.  
Iranian mathematics textbooks in grade 9, 10, 11, 12, 2 and 6 were changed respectively in several school years 
from 2008. Content analyses of these new Iranian mathematics textbooks show that, almost all example for real 
world problem in the textbooks were standard application (e.g. Rafiepour & Stacey 2009; Rafiepour 2012; 
Rafiepour, Stacey, and Gooya, 2012). Indeed modelling problem was absent in the new version of Iranian 
mathematics textbooks. There are several papers and research reports in Farsi (official language in Iran) that were 
descriptive of current situation of Iranian students or Iranian textbooks in application and modelling in secondary or 
tertiary level (Ahmadpour, Fadaie, & Rafiepour, 2011; Agah, Fadaie, & Rafiepour, 2011). In some of these papers, 
authors try to develop a new modelling activity or a new frame for assessing modelling activity. But there isn’t 
research by experimental design in Iranian mathematics education context about students’ modelling competency 
until now. So, in this paper we focus in studying Iranian elementary students’ performance in modelling activities in 
the experimental design. Therefore below research question leading current study:  
xWhat are the differences between boys and girls mathematical modelling competency and their attitude 
about modelling problem?   
In this research question we focused on gender issue, because gender equity is one important aspect of equity in 
education. Many countries consider equity as a principal in their national curriculum standards. One of the famous 
document that consider gender equity is principal and standards that published by National Council of Teachers of 
Mathematics (2000). 
2. Literature review   
Beginning in the early 1970s, systematic documentation in many countries of subtle, yet consistent gender 
differences in mathematics performance and participation in post compulsory mathematics courses in favor of males 
served as a catalyst for action (Leder, 2012). In 1990 the first Swedish conference Women and Mathematics was 
held in Malmo, addressing issues of inequity in mathematics education and documented in proceedings (Grevholm, 
1992, Cited in Brandell, Leder and Nystro, 2007). In current study gender difference in mathematical modelling 
competency in grad six Iranian students was investigated.  
Although application and modelling as a research domain had long history (Niss, Blum, Galbraith, 2007) but we 
can track down research papers in ICTMA biannual conferences from 1992. With reviewing these papers we find 
that most of research on application and modelling related to secondary and tertiary level, and there is little research 
in primary school level. Some researchers like Greer, Verschaffel and Mukhopadhyay (2007) believe that modelling 
and application might begin from primary school level. Verschaffel (2002) said that some sorts of word problems (p-
items) are good exercise for modelling. Recently some good research and study become apparent in the field of 
application and modelling in primary level for example English (2010, 2012), Ming Eric (2012), Borromeo Ferri and 
Blum (2012).  
In this study when we call modelling approach, we mean a process that started with a problem situated in the 
real world. The modelling process continues with formulating the real world problem in mathematical terms. When 
this process is complete, the mathematical problem can be solved by the application of mathematical concepts and 
solution processes. Finally the mathematical solution must be interpreted to provide an answer to real world 
problem, and checked for its adequacy in answering the original question. A new cycle of formulation to improve 
the model may then begin.   
There are several definitions for modelling competency. For example Blum and Kaiser (1997, cited in Maab, 
2006) define it by several sub-competencies. Other researchers such as Ikeda and Stephens (1998) address it as an 
assessment schema. Blomhøj and Jensen (2003) define modelling Competency as someone’s insightful readiness to 
carry through all parts of a mathematical modelling process in a given situation. However in this study we use Maab 
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(2006, p. 117) definition: “Modelling competencies include skills and abilities to perform modelling processes 
appropriately and goal-oriented as well as the willingness to put these into action”. 
For assessing modelling competency, there are several theoretical frameworks too. Such as Jensen (2007), that 
introduced a multidimensional competence-based assessment for Assessing Mathematical Modelling Competency. 
His  model  contains  3  dimensions:  Degree  of  coverage,  Radius  of  action,  and Technical  level  (Blomhoj  & Jensen,  
2007). This model isn’t as much as easy to use for assessing students’ mathematical competency in large scale study. 
So we didn’t use this model as our theoretical framework for mathematical modelling competency assessment. In 
this study we use the framework that provide by Ludwig and Xu (2010, p. 80) with six different consecutively levels 
(Table 1).  
Table 1. Six Levels for Assessing Mathematical Modelling Competency 
Level  Explanation  
Level 0 The student has not understood the situation and is not able to sketch or write anything concrete about the 
problem. 
Level 1 The student only understands the given real situation, but is not able to structure and simplify the situation or 
cannot find connections to any mathematical ideas. 
Level 2 After investigating the given real situation, the student finds a real model through structuring and simplifying, 
but does not know how to transfer this into a mathematical problem (the student creates a kind of word 
problem about the real situation). 
Level 3 The student is able to find not only a real model, but also translates it into a proper mathematical problem, but 
cannot work with it clearly in the mathematical world. 
Level 4 The student is able to pick up a mathematical problem from the real situation, work with this mathematical 
problem in the mathematical world, and have mathematical results. 
Level 5 The student is able to experience the mathematical modelling process and validate the solution of a 
mathematical problem in relation to the given situation. 
3.  Methodology 
The formal pre-university education in Iran starts from the primary school, which includes six grades and begins 
with the students seven years of age signifying the first grade. The subject students in the current study are twelve 
years old and study in the sixth grade of primary school. 300 students (160 boys and 140 girls) from two schools (of 
8 classrooms, 4 of which were from each school) participated in this study. Social and economical situations of all 
the students were the same. These schools were single-sex, and both were smart schools. “Smart schools” means that 
these schools are equipped with some devices like computers, video projectors, and other technological equipment. 
All of the teachers, except one of them in the boy group, were female. Students were separated into two groups, the 
experiment and the control with random assignment. Hence, the experiment group contains 150 students (80 boys 
and 70 girls), and the control group comprises 150 students (80 boys and 70 girls).  
In this study, we used two modelling activities: pre-test and post-test. These modelling activities were outputs of a 
pilot study. In the pilot study, 80 students participated. The main goals of the pilot study were choosing and 
modifying modelling activities in pre-test and post-test. Finally, two equal modelling activities (with the same 
context and the same difficulty level) were prepared for the pre-test and the post-test.  
Further, five modelling activities were designed for teaching intervention by writers. These activities were produced 
upon literature review and the researchers’ experiences.  
A pre-test was also applied to all students just after the instruction on modelling definition and introducing 
modelling cycle. After the pre-test, the seven-period intervention program was organized. Each period lasted for 55 
minutes. The post-test, which was the same as the pre-test, was administered at the end of the instruction.  
In 7 sessions, 4 modelling activities were introduced to the experiment group students as intervention. One of the 
modelling activities that were interesting and related to obtaining electricity from rubbish was omitted because of 
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our time limitation. One of the interventions modelling problem was about traveling to abroad for a math 
competition that shown. One of the modelling problems that used in the intervention was travelling problem.  
Traveling problem was about a group of five students with their teacher who decided to travel by airplane. Duration 
of their flight from their hometown to destination was around 12 hours, and they want to stay there for 5 days. They 
want  to  arrange  a  cost-effective  travel,  so  they  find  a  low-cost  airfare  with  limitation  on  luggage.  Upon  their  
information about food in the destination, they decide to buy some prepared food in advance. They know that there 
is limitation on luggage on the airplane in a way that if a person has more luggages, then he or she has to pay extra 
10 US dollars per kilogram. How can they arrange their travel? Explain your answer. Table 2 shows a sample for 
researchers’ expectation about students’ answers.  
Table 2. A Sample of Tables that We Expect the Students draw so that they will be Able to Make Decision 
Day Lunch Dinner Price Weight 
The first day fish vegetable 5.34+3.5 180+405 
The second day Chicken Potato Salad 9.5 425+280 
The Third day Feed Meat vegetable 10.2 410+405 
The fourth day fish Baked beans 7.84 180+450 
The Fifth day Potato Salad Feed Meat 10.7 280+410 
total 47.08 3425
A questionnaire used for capturing students’ attitude toward mathematical modelling problem after pre test for 
all students in both experimental and control group.  Another questionnaire was used only for experimental group 
after intervention for capturing students’ attitude toward mathematical modelling problem. These two questionnaires 
have two questions:  
xWhich courses that you studied in school had more relation with his modelling problem?  
xAre you enjoying with this type of problems?  
For data analysis, two different coders determine students’ competency level in pre test and post test, separately 
upon table 1 schema. Degree of agreement between coders was reported more than 95%. Indeed each coder read 
every student response in pre-test and post-test and decides about level of competency for each student. For 
analyzing two questionnaire data we use qualitative method. In the next section results of this study were introduced.  
4. Results 
Results of students in pre-test and post test for boys and girls in experimental group showed in table 3. As we 
can see, all students in pre test had poor mathematical modelling competency. Indeed students mean score for 
modelling activity in pre test was less than 1 out of 5. After intervention all students’ mathematical modelling 
competency developed so that as mean score for modelling activity in post-test was more than 2 out of 5. Although 
girls’ performance in pre test was better that boys but in post test, boys have better performance than girls. Indeed 
boys have better conception about mathematical modelling activities than girls. More specific difference between 
boys and girls will be reported in the questionnaire results section.  
  Table 3. Mathematical Modelling Competency for Girls and Boys in pre test and post test 
No. Min. Max. Mean Std. Deviation 
Girl Pre-Test 140 0 2 .83 .508
Post-Test 140 0 5 2.16 1.728
Boy Pre-Test 160 0 2 .49 .538
Post-Test 160 0 5 2.32 1.584
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Results of mathematical modelling competency for girls and boys in the experiment group at post test showed in 
table 4 with more details. In this table number and percents of boys and girls in each level of mathematical 
modelling competency reported. Although in level 5 there are more girls than boys but statistical significant test 
show that boys’ performance is better than girls in 0.01 level of significant. For statistical significant test we use U 
Mann-Whitney U test in 0.01 level of significant within SPSS software.  
                 Table 4. Mathematical Modelling Competency for Girls and Boys in the Experiment Group at post test 
Percentage of boys 
in each level  
Number of boys 
in each level 
Percentage of 
girls in each level 
Number of girls 
in each level 
levels of Modelling Competency  
001.43 1Level 0 
001.43 1Level 1 
2.5 24.29 3Level 2 
36.25 29 32.9 23 Level 3 
46.25 37 32.86 27 Level 4 
15.0 12 21.43 15 Level 5 
Analyzing initial questionnaire after pre test show that all students believe modelling problems don’t belong to 
mathematics domain but rather than belong to other scientific domain such as science, social science and geography. 
Almost all students in pre test reveal that they don’t enjoy with modelling problem. But, analyzing second 
questionnaire after post test show that almost all students believe modelling problems belong to mathematics domain 
they enjoy with modelling problem. 
5. Discussion and Conclusion  
The results of the current study show that teaching and learning mathematical modelling activity can improve 
students’ mathematical modelling competency, especially for grade 6 students in Primary level. These results are 
similar to other researchers’ results, such as Verschaffel (2002), Greer, Verschaffel, and Mukhopadhyay (2007), 
English (2010, 2012), Ming Eric (2012), Borromeo Ferri and Blum (2012). This improvement was different between 
group of girls and boys upon output of the current study. Indeed, girls had better performance in pre-test than boys, 
but in post-test and after intervention boys overtook girls in modelling competency. One of the important things in 
this research was changing attitude toward modelling problem. Although boys and girls have the same results in 
their changing attitude, there are some differences between boys and girls. For instance, boys after post-test reveal 
that they enjoy working on modelling problem because they think this type of problem can be used in their future 
life. On the other hand, girls say they enjoy working on modelling problem because they think this type of problem 
can improve their current family life. In the writing response of modelling activities, boys usually use mathematical 
sign; in contrast, girls usually use oral language for reporting their results. Moreover, boys were involved in team 
activities more than girls did and used more strategies to solve their problems. Finally we have to mention four 
modeling activities that developed during current study, cab be used for future study in this domain as well as in 
actual classroom teaching.  
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